Abstract: In this study, the cypsela morphology of 21 (14 species) of the 28 (17 species) Turkish Cirsium Mill. sect. Cirsium (Asteraceae) taxa was examined by stereomicroscope and scanning electron microscope (SEM). The shapes of cypselas are oblong, obovate, narrowly obovate and oblanceolate. The taxa were divided into 7 main types according to the results of SEM investigation on cypsela surface characteristics as: scalariform, ribbed, scrobiculate-ribbed, scrobiculate, scrobiculate-reticulate, reticulate and bireticulate. Taxonomic significance of cypsela morphology is discussed. It is shown that cypsela features can be used as distinguishing characteristics in some Cirsium sect. Cirsium species.
Introduction
Asteraceae is a cosmopolitan family (except for Antarctica), well represented especially in grasslands, wooded grassland and montane vegetation, with comparatively few taxa found in tropical lowland forest. Cirsium Mill. is a more or less spiny genus of Asteraceae, with about 250 species distributed in Eurasia, North America, and northern and eastern Africa (Kadereit & Jeffrey 2007) . The genus is represented in Turkey by 61 species (75 taxa) belonging to three sections, namely sect. Epitrachys DC. (43 species), sect. Cirsium (17 species) and sect. Cephalonoplos (Neck.) DC. (1 species) (Davis & Parris 1975; Davis et al. 1988; Burton 1996; Duman & Mill 2000; Daşkın et al. 2006; Yıldız & Dirmenci 2008; Yıldız et al. 2009a Yıldız et al. , 2009b .
The fruit and seed characteristics in Asteraceae show variation that provides much taxonomically useful information, such as the form of the cells of the testa epidermis and the type of thickening of their walls in tribe Cynareae (Kadereit & Jeffrey 2007) . To the best of our knowledge, there is no comprehensive cypsela morphology study of the genus Cirsium.
The aim of this study is to provide a detailed account of the cypsela morphology of Cirsium sect. Cirsium and to determine the taxonomic importance of these features within the section. For this purpose, the cypsela of 14 (21 taxa) of the 17 (28 taxa) Turkish Cirsium sect. Cirsium (Asteraceae) species belonging to 26 populations were examined by stereomicroscope and scanning electron microscopy (SEM). The examined taxa, localities and collectors are listed in Table 1. However, cypsela of some Turkish Cirsium sect. Cirsium taxa could not be obtained for the investigations. These taxa are: C. canum (L.) All., C. simplex C. A. Mey. subsp. simplex, C. simplex subsp. 
Material and methods
The specimens of this study were obtained from INU and the Herbarium of Balıkesir University, in Turkey. The specimens were mainly collected by B. Yıldız, T. Dirmenci and the second author during the revisionary study of Turkish Cirsium species.
All measurements were taken from at least 20 intact and mature cypselas for each specimen. The morphometrical data were obtained by a stereomicroscope. The length and width of cypselas were measured from the widest point. The mean (M) and standard deviation (SD) of measurements were calculated using the SPSS program and the significance of these measurements was determined by the Duncan test, which is one of the Post Hoc multiple comparisons of one-way ANOVA of SPSS 13. For SEM studies, the mature cypselas were mounted on stubs using double-sided adhesive tape, coated with gold using a BALTEC SCD-050 coater, and examined with a Leo Evo 40 scanning electron microscope. All cypselas were examined and photographed from the same region (from the middle part of lateral region) in SEM studies. Stearn (1992) was used as the reference for the terminology of the cypsela characters. 
Results
In the present study the cypsela of 14 (21 taxa) Turkish Cirsium sect. Cirsium species were examined. Shape, colour, size, ornamentation and cell features of the cypselas are given in Table 2 and shown in Figs 1-5. As a result, the taxa were mainly divided into seven types according to the surface ornamentation. Type I: In this type, the ornamentation is scalariform, the cells are 4-5-angled, smooth, with conspicuous walls which are flat, angular, flexuous or ± concave (Figs 1A-I). This type is observed in C. echinus and C. pubigerum var. spinosum.
Type II: The ornamentation is ribbed; the cells are linear, hollow, with inconspicuous to conspicuous and flat anticlinal walls. The periclinal walls are very distinct, ± flat or concave (Figs 1J-R, 2A-I). This type is recognized on the cypselas of C. candelabrum, C. libanoticum subsp. lycaonicum, C. simplex subsp. armenum, C. rhizocephalum subsp. rhizocephalum, C. rhizocephalum subsp. sinuatum and C. frickii.
Type III: This type is characterized by scrobiculate-ribbed ornamentation. The cells are rectangular to Identification key of studied Cirsium sect. Cirsium taxa depends on cypsela characters 7. Cypsela surface is scrobiculate-reticulate or scrobiculate-ribbed 9. Cypselas are oblong to oblanceolate, 3.4-4.5(-5) × 1.2-1.8 mm; surface ornamentation is scrobiculate-ribbed or scrobiculatereticulate; cells are rectangular C. obvallatum 9. Cypselas are narrowly obovate to oblanceolate, 2.5-3. 
Discussion
The macro-and micro-morphological studies of Cirsium sect. Cirsium taxa showed that cypsela shape, colour, kurtosis, symmetry, length, width, umbo length, surface ornamentation, and features of cells are useful taxonomic characters. The cypselas are glabrous and stramineous to brown in colour. The shapes are oblong, obovate, narrowly obovate and oblanceolate and various from ± cylindrical to compressed. The mean length of cypselas varied from 2.78 to 4.50 mm and the size from 1.02 to 1.49 mm ( Table 2 ). The largest seeds occur in C. echinus, C. rhizocephalum subsp. rhizocephalum, C. frickii and C. pubigerum var. paphlagonicum, while the smallest are seen in C. pubigerum var. spinosum, C. libanoticum subsp. lycaonicum, C. creticum subsp. creticum and C. alatum subsp. pseudocreticum. According to Table 2 , most of the taxa show statistically significant mean differences. The taxa are separated into 11 groups based on mean length, into 8 groups based on mean width and into 9 groups based on umbo mean length. These groups are not correlated with surface ornamentation types and morphological classification of taxa. The SEM investigation of the cypsela surfaces showed that the cells are generally horizontally elongated and show variation between the taxa (Figs 1-5 ). The taxa are grouped into seven types according to cypsela surface ornamentations as: scalariform, ribbed, scrobiculate-ribbed, scrobiculate, scrobiculatereticulate, reticulate and bireticulate. The cell shapes are linear, rectangular or 4-6 angled. An identification key of studied taxa based on cypsela characteristics was given for identifying the taxa using cypsela features. Seed characteristics alone, without the vegetative parts of plant, could be used for identifying the taxa (Dadandı et al. 2009 ).
Cypsela morphology is very important in Asteraceae classification mainly at the generic and species level (Bremer 1994) . Garg & Sharma (2007) reported the taxonomical significance of the cypsela morphology in some members of the tribe Heliantheae (Asteraceae). Cypsela features can be used as distinguishing characteristics in Cirsium sect. Cirsium species. But the distributions of some taxa in these 7 types are not correlated with the taxonomic phylogeny. Some morphologically similar taxa such as C. simplex subsp. armenum, C. rhizocephalum subsp. rhizocephalum, C. rhizocephalum subsp. sinuatum, C. frickii are arranged in Type II and C. libanoticum subsp. arachnoideum (labelled as Arabacı 2606), C. creticum subsp. creticum, C. alatum subsp. alatum, C. alatum subsp. pseudocreticum, C. elodes and C. leucopsis are arranged in Type IV. However, subspecies and varieties do not follow morphological classification, and are usually distributed between different types. Two C. obvallatum, twoC. libanoticum subsp. arachnoideum and three C. hypoleucum specimens, collected from different localities, show variations in surface ornamentations. The cypselas of C. obvallatum are scrobiculate-reticulate in Yıldız 16736 and scrobiculate-ribbed in Yıldız 16724. In C. libanoticum subsp. arachnoideum, the cypselas belonging to Dirmenci 3576 are scrobiculate-ribbed while those belonging to Arabacı 2606 are scrobiculate. They were gathered from different altitudes and habitats. Similarly, the cypselas of C. hypoleucum, collected from different localities, show variation between scrobiculate to reticulate surface ornamentations. The seed shape in some family and genera is closely related to the habitat ecology (Pınar et al. 2009 ).
As a first report, the macro-and micro-morphological studies on Cirsium sect. Cirsium taxa showed that the cypsela features can be used as distinguishing characteristics but they do not correlate with the taxonomic phylogeny in all examined taxa. Cypsela features can show variation between subspecies and varieties of species and the specimens of a taxa collected from different localities. These variations can be correlated with their habitat preferences as mentioned above. This is a preliminary study on cypsela morphology of genusCirsium. Further cypsela studies on this section and other sections of the genus will be useful to determine the taxonomic importance of the cypsela macro and micro morphology within the genus.
